The phase transition of dipalmitoyl lecithin, measured by thermal analysis, was eliminated by the plant sterol, sitosterol, and by the derivatives steryl glucoside and acylated steryl glucoside, which were isolated from soybean lipids.
Plants contain four forms of sterols: free sterol (S),' steryl ester (SE), steryl glycoside (SG), and acylated steryl glycoside (ASG). The predominant form varies, depending on plant and tissue: S is predominant in apple fruit mesocarp (3) , SE is predominant in the endosperm of some wheat varieties (18) , and ASG is predominant in potato tuber (4) . The distribution of these sterols in plant tissues is mainly in the microsomal fraction and in the mitochondrial plus Golgi fraction (6, 7) . Plasma membrane and tonoplast membranes have not been specifically analyzed for sterols and their derivatives.
The effects of cholesterol on phospholipid-containing membranes have been well studied and discussed (1) . The fluidity and permeability of a phospholipid bilayer above its transition temperature are decreased by the incorporation of cholesterol. This action is dependent on the sterol 3-hydroxyl. SE is not compatible with phospholipid membranes (I 1), and it predominates in neutral lipid systems such as serum lipoprotein particles. Plant sterols have similar effects to cholesterol on phospholipid bilayers (13), but they are transferred less readily to erythrocyte membranes, indicating that the 24-methyl (campesterol) and 24-ethyl (sitosterol) groups hinder incorporation into the phospholipid bilayer (2) .
Various functions have been suggested for SG and ASG, such as transport forms of sterols (5), or synergists for hormone action (9) . We have concerned ourselves with the effects of these sterol derivatives on membrane properties. The polyene antibiotic filipin which complexes sterols, stimulates the efflux of betacyanin from red beet discs (14) , but filipin was shown to interact with ASG as well as with free sterol (10) . The pl wat'er were added and the sample pans closed. Samples were kept at room temperature until assayed. They were cycled between -50 and 60 C three times before the heating curves were traced. All samples were assayed at a heating rate of 5 C/min, first at high sensitivity and then at lower sensitivity for simplicity of presentation (Figs. 14) .
RESULTS
Under the conditions we used for measuring the effects of sterols on the phase transition of DPL, sitosterol (Fig. 1 ) had very much the same effect as cholesterol (13) . In both cases about 33 mol % sterol is necessary to eliminate the thermally detected transition.
ASG was also extremely effective in eliminating the phase transition of DPL (Fig. 2) , although the ASG had to be highly purified in order to see the maximum effect. The effect of SG was less marked than that of ASG (Fig. 3) . The peak height of the endothermic transition was lowered, but the peak was simultaneously broadened and it was never possible to eliminate all traces of the phase change.
We considered the possibilities of visualizing thermal properties of natural membranes by complexing the sterol or sterol derivatives which prevent the expression of the inherent properties of phospholipids. This has already been demonstrated for the effect of filipin on sterol-containing membranes (16) . Since filipin forms complexes with ASG, it seemed possible that the additions of filipin to a lipid extract or membrane-containing ASG would permit the visualization of a phase transition. Digitonin was conceived to have potentially the same effect on cholesterol-containing membranes. Addition of filipin or digitonin to DPL caused a decrease in the endothermic phase change. Thus, the incorporation of these substances alone must affect the packing of the phospholipid molecules. When filipin was added to a mixture of DPL and ASG, the peak of thermal transition declined; the detergent effect of filipin on DPL overshadowed its effect on ASG. However, digitonin had the predicted effect on DPL-cholesterol mixtures (Fig. 4) : formation of the complex of cholesterol and digitonin eliminates the cholesterol suppression of the phase transition. The maximum effect was observed when the digitonin added was equimolar with the cholesterol, and at higher proportions of digitonin its detergent properties take over. Further addition of digitonin decreases the thermal transition as though adding digitonin to a pure DPL preparation.
DISCUSSION
Both SG and ASG are compatible with a phospholipid bilayer. The compounds tested were isolated from soybean lipids where the principal sterol is sitosterol, and SG and ASG affected the It is difficult to assign a role for sterols and their derivatives in determining fluidity and permeability ofplant membranes because insufficient analytical data have been collected from highly punfied membranes. Musgrave et al. (15) have reported that the microsomal portions from pea shoots (Pisum sativum) and petioles of Ranunculus scleratus contain 27% of their lipids as sterols, sufficient to have a marked effect on phospholipid phase transition. Kemp and Mercer (8) found sterols to comprise only 5.4% of the lipids of the microsomes from maize shoots. Future analyses of plasmalemma and tonoplast will permit a better estimate of influence of sterols in plant membrane permeability.
The synthesis and turnover of sterols and their derivatives may play a role in changes of permeability of plant membranes during physiological changes such as senescence (12) , or stress such as air pollution damage (17) . It is important to note that turnover of the sugar and fatty acid moieties of SG and ASG is quite rapid (19) . If these compounds play a role in membrane permeability rapid modulation of their effects is conceivable.
